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1

MICRO-FABRICATED DEVICE WITH
INTEGRATED ELECTROSTATIC
ACTUATOR

BACKGROUND OF THE INVENTION

The present invention relates to a micro-fabricated device
fabricated by micro-fabrication technology, in detail relates
to an electromechanical transducer for transducing an elec-
tric signal to mechanical operation or conversely mechanical
operation to an electric signal by an electrostatic actuator, a
surface observing apparatus or a record and reproduction
device and further relates to an electron beam source.

The conventional electromechanical transducer trans-
duces the change of current which flows in an electromagnet
to mechanical operation or conversely mechanical operation
to the change of current as a microphone or a speaker. Also,
as for a surface observing apparatus with high resolution, a
scanning probe microscope which is provided with high
spatial resolution utilizing the principle of a near field such
as an optical microscope, a scanning tunneling microscope
and an interatomic force microscope is developed and
widely used. |

The resolution of this scanning probe microscope is
generally approximately 20 to 0.1 nm in the direction
parallel to the surface of a sample and approximately 1 to
0.01 nm in the direction perpendicular to the surface thereof.
However, as the distance between a probe and a sample is
required to be controlled using a servo mechanism so that it
is approximately 20 to 0.5 nm in a scanning probe micro-
scope with high resolution, the scanning speed cannot be set
to 10 um/sec. or mare. Also, as a voltage-mechanical defor-
mation conversion device such as a piezoelectric device is
used for the scanning mechanism of a normal scanning
probe microscope, the range of scanning does not exceed
one hundredth of the size of the above device.

As for a storage device, it is tried to develop the above
probe microscope so that it i s a record and reproduction
device, however, satisfactory results are not obtained. As for
an electron beam source, an example of microminiaturiza-
tion shown in the present invention is not known.

SUMMARY OF THE INVENTION

However, a conventional system using such an electro-
magnet has a problem that the efficiency of converting
electric or mechanical energy is low and its dynamic range
is also small. Further, in the conventional conversion
system, as its dimension is limited by the size of an
electromagnet, microminiaturization is impossible. These
are caused by using an electromagnet around which a large
number of electric wires arec wound. The reason why the
scanning areca of the scanning mechanism of a normal
scanning probe microscope is small is that the voltage-
mechanical deformation conversion device of a piezoelec-
tric device and others is used as driving force.

The present invention is made to solve such problems of
the prior art and the object is to enable conversion with high
conversion efficiency and a large dynamic range by an
electromechanical transducing system driven by an inte-
grated electrostatic actnator fabricated by micro-fabrication
technology using by semiconductor manufacturing technol-
ogy. That is, the object is to provide a microminiaturized
system for transducing an electric signal sent by an inte-
grated electrostatic actuator to mechanical operation or a
microminiaturized system for transducing mechanical
operation to an electric signal conversely. Further, the object
is to provide a system which is provided with a much larger
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2

scanning area per unit time without reducing resolution,
compared with that of a prior system by constituting the
above-described system as an integrated micro-fabricated
device with high resolution using an integrated electrostatic
actuator as a driving source.

Further, the object of the present invention is to provide
an integrated micro-fabricated device wherein the scanning
arca of each element of the integrated micro-fabricated
device using an integrated electrostatic actuator as a driving
sotrrce reaches approximately one third of the size of the
body of the clement.

Furthermore, the object of the present invention is to
provide an integrated electromechanical transducer formed
by arranging a plurality of scanning probe microscopes,
record and reproduction devices or electron beam sources
using an integrated electrostatic actuator as a driving source

on one substrate which are arranged one- or two-
dimensionally.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an embodiment of an
electromechanical transducing system by an integrated elec-
trostatic actuator fabricated by micro-fabrication technology
according to the present invention;

FIG. 2(a) shows an embodiment of an integrated electro-
static actuator with the simplest structure and FIG. 2(b)
shows an embodiment of an integrated electrostatic actuator
provided with supporting structure as a movable electrode
between supporting structures as two fixed electrodes;

FIG. 3 is a sectional view showing an example of the
structure of the comb electrode of the supporting structure as
an electrode;

FIGS. 4(a) and (b) are explanatory drawings showing
another example of the integrated electrostatic actuator used
in the embodiment of the present invention;

FIG. 5§ shows an embodiment of the structure of an
integrated electrostatic actuator using a dielectric comb
electrode;

FIG. 6 is a schematic block diagram showing an embodi-
ment of a speaker using an integrated electrostatic actuator;

FIG. 7 is a sectional view showing an example of the
concrete structure of the speaker shown in FIG. 6;

FIG. 8 is a schematic block diagram showing an embodi-
ment of a microphone using an integrated electrostatic
actuator;

FIG. 9 is a sectional view showing an example of the
concrete structure of the microphone shown in FIG. 8;

FIG. 10 is a schematic block diagram showing an embodi-
ment of a microminiaturized radio using an integrated
electrostatic actunator;

FIG. 11 is a block diagram showing the structure of an
embodiment of a scanning tunneling microscope using an
integrated electrostatic actuator;

FIG. 12 is a schematic block diagram showing an embodi-
ment of one chip scanning tanneling microscope wherein the
scanning tunneling microscope which can be operated three-
dimensionally shown in FIG. 11 is constituted on one chip;

FIG. 13 is a block diagram showing an embodiment of a
microminiaturized record and reproduction device using an
integrated electrostatic actuator;

FIG. 14 is a schematic block diagram showing an embodi-
ment of a microminiaturized music reproduction device

using the microminiaturized record and reproduction device
shown in FIG. 13;
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FIG. 15 is a block diagram showing the structure of
another embodiment of a surface observing apparatus
(scanning tunneling microscope) using an integrated elec-
trostatic actuator;

FIGS. 16(a) to (d) show an embodiment of an integrated
surface observing apparatus wherein the surface observing
apparatus provided with the integrated electrostatic actuator
shown in FIG. 15 is two-dimensionally arrayed;

FIG. 17 is a schematic drawing showing the constitution
of an embodiment in which a large number of surface
observing apparatuses shown in FIG. 15 are two-
dimensionally arranged and held by coarse adjustment so
that the position of a probe can be controlled;

FIG. 18 is a plan explaining an embodiment of a surface
observing apparatus for measuring a rotary sample or a
record and reproduction device provided with a rotary
record medium;

FIG. 19 is a schematic drawing showing an embodiment
in which a surface observing apparatus itself is a record or
reproduction device;

FIG. 28 is a schematic drawing showing an embodiment
of a surface observing apparatus which can be operated
manually;

F1G. 21 is a schematic drawing showing another embodi-
ment of the array of each element of a surface observing
apparatus which is integrated fiatly;

FIG. 22 is a schematic drawing showing an embodiment
in which the constitution of a surface observing apparatus is
applied to an clectron beam source, FIG. 22(q) is a plan
viewed along a line C-D in FIG. 22(b) and FIG. 22(b) is a
sectional view viewed along a line A-B in FIG. 22(q);

FIG. 23 is a schematic drawing showing another embodi-
ment in which the constitution of a surface observing
apparatus is applied to an electron beam source, FIG. 23(a)
is a plan viewed along a line C-D in FIG. 23(b) and FIG.
23(b) 1s a sectional view viewed along a line A-B in FIG.
23(a);

FIG. 24 is a schematic drawing showing an embodiment
in which the constitution of a surface observing apparatus is
applicd to another type of electron beam source, FIG. 24(a)
is a plan and FIG. 24(b) is a sectional view viewed along a
line A-B in FIG. 24(a); and

FIG. 25 is a schematic drawing showing another embodi-
ment in which the constitution of a surface observing
apparatus is applied to another type of electron beam source,
FIG. 28(a) is a plan and FIG. 25(b) is a sectional view
viewed along a line A-B in FIG. 25(a).

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 is a block diagram showing an electromechanical
transducing system by an integrated electrostatic actuator
fabricated by micro-fabrication technology according to the
present invention. A reference number 1 denotes an inte-
grated electrostatic actuator and a reference number 2
denotes a power source and a control unit. The integrated
electrostatic actuator 1 and the power source and control unit
2 are connected by a connection 3 for supplying a signal and
power. A reference number 4 denotes a movable device
,which is mechanically coupled by the transmission 8§ with
the integrated electrostatic actuator 1. When driving power
is supplied and an actuating signal is transmitted to the
integrated electrostatic actuator 1 via the connection 3 by the
power source and control unit 2, the integrated electrostatic
actuator 1 performs mechanical operation according to the

3

10

15

35

45

53

65

4

actuating signal and transmits this to the movable device 4
via the transmission 5, and as a result, the movable device
4 is moved.

Conversely, the operation of the movable device 4 is
transmitted to the integrated electrostatic actuator 1 via the
transmission §, an electric signal corresponding to the opera-
tion of the movable device 4 is generated by the integrated
electrostatic actuator 1, transmitted to the control unit 2 via
the connection 3 and fetched as an electric signal corre-
sponding to the operation of the movable device 4. As only
charging current effectively flows in the integrated electro-
static actnator 1, the efficiency can be further enhanced,
compared with that of the conventional system.

The integrated electrostatic actuator 1 can be greatly
miniaturized because of micro-fabrication technology using
semiconductor micro-fabrication technology. For example,
if the minimum machining dimension is 0.5 pm, the body of
the integrated electrostatic actuator 1 can be miniaturized up
to 1 mm or less. It can be miniaturized up to one tenth or less
of the conventional structure using a coil.

FIG. 2 shows the structure of the integrated electrostatic
actuator. FIG. 2(a) is a schematic sectional view showing an
example of the simplest structure. Reference numbers 11
and 12 denote supporting structures respectively consisting
of an electric conductor, the supporting structures respec-
tively function as a fixed or movable electrode and are
provided with a comb electrode 13, and the respective comb
electrodes 13 are constifuted so that they are alternated.

If voltage V is applied between the comb electrodes of
these supporting structures 11 and 12, the force F operating
between these supporting structures 11 and 12 is shown in
the following expression:

F=oV (1)

Here, “o” shows a proportional constant.

Therefore, if the supporting structure 11 is fixed and
voltage V is applied between the supporting structures 11
and 12, the displacement x of the supporting structure 12 is
obtained in the following expression corresponding to the
generated force F shown in the expression (1):

x1=fF (2)

Here, “B” shows a proportional constant.

Therefore, the relationship between the final displacement
X and applied voltage V is shown in the following expres-
sion:

x=pfV (3)

The expression (3) shows there is the linear relationship
between the displacement and applied voltage and the
relationship can be provided as a structural parameter.
Therefore, it can be also thearetically proved that greatly
efficient electromechanical transduction is enabled by set-
ting an appropriate structural parameter.

FIG. 3 is a sectional view showing an example of the
structure of a comb electrode 13 of the supporting structures
11 and 12 as an electrode. The comb electrodes 13 are
formed on each supporting structure so that they are alter-
nated on the same plane. The sectional view of FIG. 3 is a
part of the integrated electrostatic actuator viewed along a
line A—A in FIG. 2(a). If the width of each comb electrode
13 is wl, an interval between these comb electrodes is w2
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and the width and the interval are equal for simplification,
the force F operating between these supporting structures 11
and 12 is increased according to the expression (1) when the
interval w2 is reduced. This reason is that a parameter a in
the expression (1) is enlarged because the capacitance
between electrodes is increased. Therefore, to obtain high
sensitivity, the interval w2 is required to be reduced.

In the sectional view of electrodes shown in FIG. 3, the
width and the thickness of an electrode are approximately
equal, however, this is not necessarily a requisite condition
and they are determined by parameters such as the mechani-
cal strength of an electrode and the weight of an electrode
which has an effect upon its intrinsic vibration frequency.

In the meantime, as large charging current corresponding
to the capacitance of an electrode flows as described above
if the capacitance between electrodes is increased, power
consumption is increased. The value of w2 is required to be
determined in consideration of force required for driving and
power consumption. A suitable value of w2 is generally 0.1
to 10 ym and the width of the entire integrated electrostatic
actuator are generally 3 to 1500 pm, however, particularly
when the value is 0.2 to 1 um and the width is 10 to 200 pm,
microminiaturization and high sensitivity can be concur-
rently achieved. It is natural that the value of w2 and the
width of the entire integrated clectrostatic actuator differ a
little depending upon a purpose and an appropriate value can
be selected according to each purpose.

The structure shown in FIG. 3 can be readily designed in
the case of the traders concerned and can be realized by
normal semiconductor micro-fabrication technology. That
is, a sacrifice layer such as a silicon oxide film is grown on
a silicon substrate, a thin film consisting of material such as
polycrystalline silicon is deposited on it and after
processing, the structure of a predetermined electrostatic
actuator can be realized by removing the sacrifice layer such
as a silicon oxide film.

This integrated electrostatic actuator is not necessarily
required to consist of a comb electrode as shown in FIG. 2(a)
and FIG. 3. For example, if a plane-parallel electrode is
used, the same effect can be obtained. However, it is
apparent that comb electrode structure or structure like it is
most efficient.

It is apparent that such comb electrode structure includes
not only the type which can be moved laterally but the type
which can be moved vertically. For example, referring to
FIG. 2{a), the supporting structure 11 consisting of an
electric conductor is fixed and the force by a spring may be
always applied to the supporting structure 12 consisting of
an electric conductor so that the supporting structure is
displaced, for example rightward in the drawing. In this
case, the supporting structure 12 can be moved leftward and
rightward in the drawing for the supporting structure 11 by
varying displacement depending upon voltage applied
between the supporting structures 11 and 12.

As structure for obtaining larger driving force, for
example the structure in which the comb electrodes 19 of a
movable electrode 15 as supporting structure are alternated
between the respective comb electrodes 17 and 18 of fixed
electrodes 14 and 16 as supporting structures as shown in
FIG. 2 (b) is effective. In FIG. 2 (b), the fixed electrodes 14
and 16 are required to be fixed structurally and their move-
ment may be utilized by a coupling arm extended from the
movable electrode 15. In this case, the movable electrode 15
is required to be ground potential and positive and negative
voltage is required to be respectively applied to the fixed
electrodes 14 and 16. Or when constant voltage +V, and
constant voltage —V , are respectively applied to the fixed
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electrodes 14 and 16 and driving voltage V , is applied to the
movable electrode 15, driving force is generated between the
fixed electrode and the movable electrode because the force
operating to the movable electrode 18 is added.

The magnitude F (X) of the force is obtained in the

following expression:

F (X)=4 (AHN/S) VoV, (4)

That is, in three electrode-type integrated electrostatic
actuator, driving force F (X) is proportional to the product of
driving voltage Va and constant voltage V ;. At this time, the
combination of constant voltage applied to the fixed elec-
trode 14 and the fixed electrode 16 may be another combi-
nation. For example, if voltage V_ is constant and voltage
+V, (voltage -V ) is varied, the same result can be also
obtained.

FIGS. 4(a) and (b) are explanatory drawings showing
another example of the integrated electrostatic actuator used
in the embodiment of the present invention. Hereinafter, an
electrode as supporting structure will be called only an
electrode for simplification.

FIG. 4(a) shows an example of the structure of an
integrated electrostatic actuator formed so that each comb
electrode 19 of the movable electrode 15 is alternated
between each comb electrode 17 and 18 of the fixed elec-
trodes 14 and 16 of the same type as shown in FIG. 2(b) and
this example is devised so that the force in the direction of
Y (the horizontal direction is X and the vertical direction is
Y as shown in FIGS. 4(a) and (b)) can be applied to the
movable electrode 15. FIG. 4(b) is a sectional view viewed
along a line A—A in FIG. 4(a) in the direction shown by
arrows. The fixed electrodes 14 and 16 and their comb
electrodes 17 and 18 are respectively partitioned into two
parts A and B as shown in FIG. 4(b) by insulating portions
19. The movable electrode 15 and each comb electrode 19
shall operate commonly on partitioned each comb electrode
17 and 18. For example, if voltage V_ is applied to the
movable electrode 15 and (+V #4E)), (+V B, (-V+E)
and (-V —E ) are respectively applied to the fixed electrodes
14A, 14B and the fixed electrodes 16A and 16B, the driving
force F(Y) in the direction of Y is obtained in the following
expression:

F (Y)>=4 (AHN/S) E;/V, (5)

Therefore, one integrated electrostatic actuator with the
section shown in FIG. 4(F) can obtain two-dimensional
driving force of X and Y.

Further, the driving force operating on the movable elec-
trode can be increased by using a dielectric for a part of an
electrode of the integrated electrostatic actuator. FIG. S is a
partial schematic drawing showing an integrated electro-
static actuator with the simplest structure in which a dielec-
tric is used for a part of its electrode.

As the above example, comb electrode structure consist-
ing of a dielectric 25 is opposite to comb electrode structure
in which conductive electrodes 26 and 28 are arranged via
an insulator 27 so that respective comb electrodes are
alternated. If positive potential is applied to the conductive
electrode 26 and negative potential is applied the conductive
electrode 28 in this structure, the electrostatic force is
generated between the electrodes 26 and 28 and the dielec-
tric electrode 25 which is proportional to the voltage
between these conductive electrodes 26 and 28 and the
diclectric constant of the dielectric electrode 25. It 1s natural
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that the insulator 27 between the conductive electrodes is
required to be sufficiently resistant to the voltage applied
between the conductive electrodes 26 and 28. The length,
width and material of the comb dielectric electrode 25 and
comb conductive electrodes 26 and 28 can be determined
when the structure and dielectric constant for obtaining
required characteristics are determined. For example, if an
operable stroke is extended, the length of each comb elec-
trode 1s required to be extended up to a required value. To
secure a stroke of 30 pm, the length of each comb electrode
is required to be approximately 40 pm or more. It is natural
that the rigidity of each comb electrode is required to be so
strong that no comb electrode is deformed by the applied
voltage.

It is natural that the section of the integrated electrostatic
actuator shown in FIG. § is the same as that shown in FIG.
3 and to generate large force, a parameter in design such as
increasing the opposite area of cach comb electrode is
required to be varied. The section of each comb electrode is
not limited to a square and may be in an arbitrary shape. In
the case of the electrostatic actnator using a dielectric
equivalent to this embodiment, strontium titanate is used for
the material of the dielectric electrode 28.

A variety of applications using the above-described inte-
grated clectrostatic actuator will be described below.

FIG. 6 is a schematic block diagram showing a speaker
using the integrated electrostatic actuator. The speaker is
constituted by the integrated electrostatic actuator 31 and a
diaphragm 33 mechanically coupled to this via a coupling
32. When an electric signal is input to the integrated
electrostatic actuator 31 from a signal generator 34 via a
cable 35, the integrated electrostatic actuator 31 is operated
according to the clectric signal. This mechanical operation is
transmitted to the diaphragm 33 via the coupling 32 and the
electric signal form the signal generator 34 is finally trans-
duced to a sound.

In this embodiment, generally sufficient force can be
generated by setting the distance w2 between the electrodes
13 shown in FIG. 3 to0 0.3 um and setting the entire width of
the integrated electrostatic actuator 31 to approximately 100
pm. In this case, as the intrinsic vibration frequency of the
integrated electrostatic actuator 31 can be increased enough
up to approximately 30 kHz, a complete frequency response
can be obtained in the wide range from a low sound to a high
sound. In the meantime, it is natural that to realize a
large-sized speaker, the electrostatic actuator 31 is required
to be also enlarged, however, a response to a high sound is
reduced because at this time the intrinsic vibration frequency
is reduced.

The electrostatic actuator 31, diaphragm 33 and the signal
generator 34 can be integrated on one semiconductor chip to
form integrated speaker system.

FIG. 7 is a sectional view showing an example of the
concrete structure of the speaker shown in FIG. 6. The
integrated electrostatic actuator 31 provided with a movable
electrode 36 provided with comb electrodes formed so that
they are alternated and the diaphragm 33 coupled to the
integrated electrostatic actuator 31 via the coupling 32 are
fixed on a frame 37. The mechanical vibration of the
movable electrode 36 provided with the comb electrodes
operates the diaphragm 33 and the operation is transduced to
the energy of a sound. The diaphragm 33 may be made of
anything if only its oscillation frequency response is satis-
factory and for example, may be made of diamond, paper,

plastic and metal. The coupling 32 is required to be made of 65

material which is not deformed by vibration and does not
cause the attenuation of vibration. For example, ceramic and
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engineering plastic may be used, however, this material is
not necessarily the requisite condition of the present inven-
tion. The signal generator 34 and the cable 35 are not shown
in FIG. 7.

FIG. 8 is a schematic block diagram showing a micro-
phone using the integrated electrostatic actuator. A dia-
phragm 41 is coupled to the integrated electrostatic actuator
43 via coupling structure 42. An electric signal control unit
45 is connected to the integrated electrostatic actuator 43 via
an electric signal transmission 44. A sound from outside is
transduced to its mechanical operation by the diaphragm 41
and transmitted to the integrated electrostatic actuator 43 by
the coupling mechanism 42. The mechanical vibration is
transduced to an electric signal by the integrated electro-
static actuator 43, this electric signal is transmitted to the
electric signal control unit 45 via the electric signal trans-
mission 44 and fetched as an electric signal outside.

It is natural that transduction of mechanical vibration to
an electric signal by the integrated electrostatic actuator 43
is enabled by the measurement of electrostatic capacitance
by the operation of the comb electrodes, however, higher
precision transducing method depends upon the measure-
ment of tunneling current.

FIG. 9 is a sectional view showing an example of the
concrete structure of the microphone shown in FIG. 8. The
microphone is provided with the integrated electrostatic
actuator 43 provided with a movable electrode 51 and a fixed
clectrode 52 provided with comb electrodes formed so that
they are alternated with each other and the diaphragm 41
coupled to the actuator 43 via the coupling 42. The ends of
the diaphragm 41 are fixed on a frame 54. The fixed
electrode 52 of the actuator 43 is also fixed on the frame 54.
The actuator 43 is provided with a portion 55 functioning as
a probe between the movable electrode 51 and the fixed
electrode 52 and a portion 56 functioning as an opposite
electrode and constituted so that predetermined tunneling
current always flows between these probe and opposite
electrode when no vibration is applied to the diaphragm 41.
When vibration is applied to the diaphragm 41, it is trans-
mitted to the movable electrode 51 of the actuator 43 by the
coupling structure 42. As a result, tunneling current which
flows between the portion 55 functioning as the probe and
the portion 56 functioning as the opposite electrode is
vibrated. As the operation of the diaphragm 41 of approxi-
mately 0.1 nm or less can be detected and can be transduced
to an clectric signal if the force operating between the
electrodes can be controlled by controlling voltage applied
between the clectrodes 51 and 52 so that this tunneling
cuarrent is constant, extremely high sensitive microphone can
be realized. Therefore, micro aerial vibration which could
not be detected heretofore can be detected.

F1G. 10 is a schematic block diagram showing a micro-
miniaturized radio using the integrated electrostatic actuator.
A diaphragm 73 is coupled to the actuator 71 via a mechani-
cal coupling 72. A receiver 74 is connected to the actuator
71 via an clectric signal transmission 78. A radio wave
received by the receiver 74 is transduced to an electric signal
and operates the actuator 71 via the electric signal transmis-
sion 75. Mechanical oscillation generated in the actuator 71
moves the mechanical coupling 72 and is transmitted to the
diaphragm 73 as vibration. This vibration vibrates air as a
sound and this apparatus functions as a radio.

As in the microminiaturized radio equivalent to this
embodiment, the receiver 74 is substituted for the signal
generator 34 in the embodiment of the speaker shown in
FIG:. 6 and its concrete structure is substantially the same as
that in FIG. 7, the description of the microminiaturized radio
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will be omitted. According to this embodiment, its dimen-
sion can be reduced, power consumption can be minimized
and if for example, the receiver 74, the clectric signal
transmission 75, the electrostatic actuator 71, the mechanical
coupling 72 and the diaphragm 73 are formed on the same
chip by semiconductor micro-fabrication technology, they
can be integrated in the area a few mm square. The battery
for driving can be also reduced and it can be also integrated
on the above-described chip, for example as a solar battery.
For example, in this embodiment, all the functions can be
integrated on a chip 3 mm square by integrated circuit
technology of the minimum work dimension 0.5 pm.
Therefore, the microminiaturized radio equivalent to this
embodiment can be attached to the end of writing materials
and can be used for personal background music. The micro-
miniaturized radio can be directly put near a person’s ears as
earrings and can be also used as a personal radio.

FIG. 11 is a block diagram showing the structure of a
scanning tunneling microscope using the integrated electro-
static actuator. This embodiment is provided with a first
actuator 81 and a second actuator 82, each actuator 81 and
82 is provided with a movable electrode and a fixed
electrode, each fixed electrode is fixed on a frame 86 and
each movable electrode is coupled to a probe 85 via each
coupling structure 83 and 84. Further, a third actuator not
shown is formed in the direction perpendicular to the space
of FIG. 11, its fixed electrode is fixed on the frame 86 and
its movable electrode is coupled to the probe 85 via the
coupling structure. In this embodiment, the probe 85 is
moved respectively laterally and longitudinally in the space
of FIG. 11 by the first actuator 81 and the second actuator 82
and moved vertically in the space of FIG. 11 by the third
actuator. A scanning tunneling microscope using the inte-
grated electrostatic actuator which can be operated three-
dimensionally can be realized by forming the microscope so
that it has such structure.

FIG. 12 is a schematic block diagram showing one chip
scanning tunnecling microscope wherein the scanning tun-
neling microscope shown in FIG. 11 which can be operated
three-dimensionally is constituted on one chip. The scanning
tunneling microscope 92 shown in FIG. 11 which can be
operated three-dimensionally, a control circuit element 93
for the above scanning tunneling microscope 92 which can
be operated three-dimensionally, a storage device 94
required for operating the control circuit element and a
power unit 95 for generating electric energy required for
driving the control circuit element 93 and the storage device
94 or/and storing the energy are formed on the chip 91. If
necessary, the control circuit element 93 or/and the storage
device 94 may be provided with a communication facility.
That is, they may be provided with a facility for sending and
receiving data obtained by the one chip scanning tunneling
microscope or a signal for instructing the operation of the
onc chip scanning tunneling microscope. As the one chip
scanning tunneling microscope can be operated without
connection to an external device via an electric wire and the
obtained data can be fetched by being provided with these
facilities, the degree of freedom of operation can be remark-
ably increased.

FIG. 13 is a block diagram showing a microminiaturized
record and reproduction device using the integrated electro-
static actuator. The embodiment shown in FIG. 13 is also
essentially the same as the scanning tunneling microscope
shown in FIG. 11 which can be operated three-
dimensionally. This embodiment is also provided with a first
actuator 101 and a second actuator 102, each actuator 101
and 102 is provided with a movable electrode and a fixed
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electrode, each fixed electrode is fixed on a frame 106 and
each movable electrode is coupled to a probe 105 respec-
tively via coupling structures 103 and 104. Further, a third
electrostatic actuator not shown is formed in the direction
perpendicular to the space of FIG. 13, its fixed electrode is
fixed on the frame 106 and its movable electrode is coupled
to the probe 105 via coupling structure. An information
recording medium 107 is installed apart by the distance so
far that predetermined tunneling current can flow in a
position opposite to the probe 105. In this embodiment, the
operation of the probe 105 is also the same as the probe 85
shown in FIG. 11 which can be operated three dimension-
ally. Therefore, information can be recorded in the informa-
tion recording medium 107 by the operation of the probe 105
according to an electric signal applied to each actuator. In
this case, an arbitrary method of recording information may
be adopted and for example, a method of adding a dot to the
information recording medium 107 by evaporation from the
conductive probe 105 in an electric ficld or causing the phase
change of the information recording medium 107 by tun-
neling current which flows from the probe 105 to the
information recording medium 107 may be adopted. Further,
the information recorded in the information recording
medium 107 by such a method can be read.

FIG. 14 is a schematic block diagram showing a micro-
miniaturized music reproduction device using the micromin-
iaturized record and reproduction device shown in FIG. 13.
The microminiaturized record and reproduction device 113
shown in FIG. 13, a control circuit 114, a storage circuit 115
for the control circuit, a power source 112 and further, the
speaker shown in FIG. 6 are formed on the chip 111. Music
data recorded in the microminiaturized record and repro-
duction device 113 is read by the control circuit 114 operated
according to a control signal sent from the storage circuit
115 for the control circuit and reproduced as a sound by the
speaker 116. Hereby the dimension of the entire chip 111 can
be approximately 3 mm square by using micro-fabrication
technology of the minimum dimension of 0.5 pm. If this chip
111 is used as the microminiaturized radio shown in FIG. 10,
a personal microminiaturized music reproduction device can
be realized.

Next, an embodiment of an integrated micro-fabricated
device wherein the scanning probe microscope structure
provided with the integrated electrostatic actuator shown in
FIG. 11 or 13 is more readily formed on one substrate and
further integrated will be described. As the integrated micro-
fabricated device equivalent to this embodiment can be
formed by semiconductor micro-fabrication technology pre-
cisely and a large number of integrated micro-fabricated
devices can be arrayed two- or one-dimensionally on one
basic substrate, the high speed observation and modification
can be achieved without reducing the resolution of the
scanning probe microscope. The integrated micro-fabricated
device can be also provided with the high degree of inte-
gration as a record and reproduction device.

FIG. 15 is a block diagram showing another structure of
the surface observing apparatus (scanning tunneling
microscope) using the integrated electrostatic actuator. In
this embodiment, a first integrated electrostatic actuator
2100 and a second integrated electrostatic actuator 2500 are
cascade-connected differently from the embodiment shown
in FIG. 11. That is, the fixed electrode 270 of the second
actuator 2500 is connected to the movable electrode 210 of
the first actuator 2100 and a probe 220 is provided to the end

of an extended portion of the movable electrode 250 of the
second actuator 2500. The first integrated electrostatic

actuator according to this embodiment can drive in the
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direction of X and in the direction of Y by only one actuator
as described in relation to FIGS. 4(a) and (b). Therefore, a
motion in the directions of X and Y is controlled by the first
actuator 2109 and a motion in the direction of Z is controlled
by the second actuator 25090.

The fixed electrode 211 of the actuator 2100 is formed at
the end of a base 230 and a spring 240 consisting of leaf
springs 241 and couplings 242 for coupling them is also
formed at the end of the base 230. The movable electrode
210 of the actuator 2100 is coupled to the coupling 242 of
the spring 240. The other end of the fixed electrode 211 of
the actuator 2100 is coupled to the end 232 of the base and
here, a spring 240' consisting of leaf springs 241' and
couplings 242' for coupling them is formed. The movable
electrode 210 of the actuator 2100 and a Z-direction driving
shaft 270 are coupled to the coupling of the spring 240'. As
driving force operating between the fixed electrode 211 and
the movable electrode 210 of the actuator 2100 respectively
bends the springs 240 and 240, the Z-direction driving shaft
2790 is positioned according to driving force by the actuator
2100 in the direction of X (laterally in the space of FIG. 15)
and in the direction of Y (perpendicularly to the space).

The integrated electrostatic actuator 2500 is formed at the
end of the Z-direction driving shaft utilizing the Z driving
shaft 270 in place of the above base 230. That is, a fixed
electrode 251 supported by a frame 270 integrated with the
Z-direction driving shaft 270 is formed, and a spring 260
consisting of leaf springs 261 fixed on the frame 270
similarly and couplings 262 for coupling them and a spring
260 consisting of leaf springs 261' and couplings 262’ for
coupling them are formed. Probe supporting structure 286 at
the end of which the probe 220 is attached is coupled to the
coupling 263 of the spring 260 and the coupling 263’ of the
spring 260’ and the movable electrode 250 of the actuator
2500 is coupled to the probe supporting structure 280. As
driving force operating between the fixed electrode 251 and
the movable electrode 250 of the actuator 2500 respectively
bends the springs 260 and 269, the probe supporting struc-
ture 280 is positioned in the direction of Z (longitudinally in
the space). In this embodiment, the Z-direction driving shaft
270 is controlled in the directions of X and Y by the actuator
2100 and in this state, the probe is controlled in the direction
of Z.

In FIG. 15, wiring to each electrode, wiring for applying
voltage to the probe and further the description of whether
insulation is required or not, are omitted for simplification of
the drawing, however, as these can be realized by arbitrary
constitution if necessary, these will not be described below.

In the embodiment shown in FIG. 18, the structure can be
arranged one-dimensionally on one basic substrate and
integrated by semiconductor micro-fabrication technology,
the base 230 and the end of the base 232 may be directly
attached on one basic substrate, the other part is processed
by semiconductor micro-fabrication technology and the sur-
face observing apparatus provided with the integrated elec-
trostatic actuator can be constituted apart from the substrate.
Therefore, the integrated surface observing apparatus can be
extremely readily arranged one-dimensionally on one chip.

An integrated surface observing apparatus arranged two-
dimensionally can be readily formed by laminating a plu-
rality of the integrated surface observing apparatuses each of
which is arranged one-dimensionally on one chip equivalent
to this embodiment.

FIGS. 16(a) to {d) show an embodiment of an integrated
surface observing apparatus formed by arranging the surface
observing apparatus shown in FIG. 15 provided with the
integrated electrostatic actuator two-dimensionally.
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FIG. 16{(a) is a schematic drawing showing this embodi-
ment and an integrated surface observing apparatus 1000
with the structure arranged two-dimensionally is formed by
laminating a large number of surface observing apparatuses
shown 1n FIG. 13 respectively provided with the integrated
electrostatic actuator each of which is arranged one-
dimensionally by semiconductor micro-fabrication technol-
ogy. It is natural that as the integrated surface observing
apparatus with the structure arranged two-dimensionally is
formed by semiconductor micro-fabrication technology
through it is not shown in the drawing in this embodiment,
a circuit required for controlling the probe of the surface
observing apparatus or memory for storing obtained data
temporarily can be formed on one chip constituted on a
wafer concurrently as described in relation to the embodi-
ment shown in FIG. 12. Hereby, even if a large number of
surface observing apparatuses are arranged two-
dimensionally, various types of wiring can be reduced.

FIG. 16(b) is a schematic drawing showing the section of
the surface observing apparatus shown in FIG. 16(a) viewed
along a line A—A in the direction shown by an arrow in FIG.
16(a), FIGS. 16(c) and (d) are respectively schematic draw-
ings showing the section viewed along a line A-B in the
direction shown by an arrow in FIG. 16() and viewed along
a line C-~D in the direction shown by an arrow in FIG. 16 (¢).

In FIG. 16(b), reference numbers 340 and 350 respec-

tively denote an actuator mechanism and a probe of the
surface observing apparatus described referring to FIG. 15.

In addition, this embodiment is provided with a probe height
adjusting circuit 330 and an I/O control circuit 320. Further,
a surface observing apparatus integration control unit 310 is
provided to process a control signal commonly related to
surface observing apparatuses arranged on one basic silicon
substrate 370 one-dimensionally. This integration control
unit 310 may be distributed suitably to each apparatus and
is connected to the I/0 control circuit 320 of each apparatus
if necessary. As the probe height adjusting circuit 330
functions independently every surface observing apparatus,
itis not related to the integration control unit 310 essentially.
In a process in which a surface observing apparatus is cut off
from a polyaystalline silicon thin film deposited on one
basic silicon substrate by semiconductor micro-fabrication
technology, these circuits are formed. A partition between
surface observing apparatuses arranged on one basic silicon
substrate one-dimensionally is left as a coupling 360 through
it is omitted in FIG. 16{a).

FIG. 16(c) is a schematic drawing showing when one
silicon substrate on which surface observing apparatuses are
arranged one-dimensionally is laminated on a plurality of
silicon substrates on each of which surface observing appa-
ratuses are arranged one-dimensionally. As apparent from
the drawing, each circuit is directly formed on the silicon
substrate as a normal semiconductor device, and the actuator
mechanism 340 and the probe 350 shown in FIG. 16(a) are
separated from each silicon substrate. As described referring
to FIG. 15, the base 230 and the end of the base 232 are
directly formed on each silicon substrate.

It should also be noted that the cach actuator mechanism
340 and the probe 350, which consist the writing unit, can
be removed from the silicon substrate 370 individually, and
replaced by the equivalent structures.

As each surface observing apparatus equivalent to this
embodiment is integrated on a silicon substrate by semicon-
ductor micro-fabrication technology, the actuator mecha-
nism 340, the probe height adjusting circuit 330, the /O
control circuit 320 and the surface observing apparatus
integration control unit 310 can be integrated with a probe
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driving mechanism on a silicon substrate by semiconductor
micro-fabrication technology. The probe height adjusting
circuit 330 is a circunit for supplying driving voltage in the
direction of Z for keeping the distance between a probe and
a sample twenty or thirty nm or less to the actuator mecha-
nism for driving a probe based upon physical and/or chemi-
cal mediums such as a tunneling electron (tunneling
current), interatomic force, magnetic force, the superficial
voltage of a sample, static electricity force, the capacity of
charge, light and a spin-polarized electron (spin-polarized
current) between the probe 350 and a sample 3000 and
functions as so-called feedback control and a high voltage
power source for a driving mechanism in a scanning probe
microscope. The probe height adjusting circuit is also pro-
vided with a power source for an actuator mechanism in the
directions of X and Y. The I/O control circuit 320 sets
driving voltage in the directions of X and Y according to a
control instruction from the surface observing apparatus
integration control unit 310, transduces actuator mechanism
driving voltage in the direction of Z to output information as
a scanning probe microscope and outputs it to the surface
observing apparatus integration control unit 310. The sur-
face observing integration control unit 310 is provided with
a function for exchanging such control instructions and
information with a microprocessor or buffer memory which
is an external device.

Examples of the value of the integrated surface observing
apparatus shown in FIG. 16 arc as follows. The integrated
surface observing apparatus can be constituted so that it is
100 um wide and approximately 10 pm thick. If 10° surface
observing apparatuses equivalent to this embodiment are
arranged per 1 cm square (6x10° surface observing appara-
tuses are arranged per one inch square), the scanning speed
of a scanning probe microscope is 1 pym per second and
further, one irregularity exists per 10 nm, 107 irregularities
can be observed per 1 cm square (6x107 irregularities can be
observed per 1 inch square) per second by the surface
observing apparatus equivalent to this embodiment. As in
the surface observing apparatus, a driving distance equiva-
lent to approximately one third of the width of the actuator
mechanism can be obtained in the direction of X and a
driving distance equivalent to approximately one second of
the thickness of the actuator mechanism can be obtained in
the direction of Y as shown in FIG. 4 in the surface
observing apparatus, the area equivalent to one sixth of the
surface of a sample can be scanned without other coarse
adjustments in the surface observing apparatus shown in
FIG. 16. In that case, assuming one irregularity exists per 10
nm square, the information of 2x10!! irregularities per 1 cm
square (1.2x10'? irregularitics per 1 inch square) can be
observed.

In this embodiment, the area equivalent to one sixth of the
surface of a sample can be observed without a coarse
adjustment, however, a coarse adjustment is required to be
provided to observe the entire surface of a sample.

FIG. 17 shows constitution in which a large number of
surface observing apparatuses 420 are arranged two-
dimensionally as shown in FIG. 15 and held by a coarse
adjustment 410 so that the position of a probe can be
controlled. A reference number 430 denotes a sample. When
the surface observing apparatuses are constituted as
described above, all the surface observing apparatuses 420
are moved all together in the directions of X and Y by the
coarse adjustment 410 and the entire area of the surface of
the sample 430 which cannot be observed by only a driving
mechanism in the directions of X and Y of an individual
surface observing apparatus 420 can be observed. If a coarse
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adjustment 410 provided with driving capability in the
direction of Z is adopted, the entire surface of a sample can
be observed even if the distance of an individual surface
observing apparatus 420 in the direction of Z is not suffi-
cient. In the embodiment shown in FIG. 17, if further, the
sample 430 is moved one- or two-dimensionally by a precise
mobile mechanism, the observable area of the sample can be
remarkably increased by the surface observing apparatuses
arranged one- or two-dimensionally. In FIG. 17, a coupling
between the surface observing apparatuses is also not shown
as in FIG. 16(a).

FIG. 18 is a plan view for explaining a surface observing
apparatus for observing a rotated sample or an embodiment
of a record and reproduction device provided with a rotated
record medium.

FIG. 18 shows a group of surface observing apparatuses
520 consisting of three pieces is arranged with them shifted
by one third of the width of an individual surface observing
apparatus one-dimensionally opposite to a rotated sample
510 and further, shows these four sets are provided with

them shifted by an appropriate angle in the rotating direc-
tion.

The rotated sample 510 does not correspond to a motion
by the coarse mechanism 410 shown in FIG. 17, however,
the direction of rotation is the same. If three surface observ-
ing apparatuses 520 are arranged with them shifted by one
third in the direction of X (in the direction of one-
dimensional arrangement) because an individual actuator
mechanism in the direction of X covers approximately one
third of the width of the apparatus as described in relation to
the previous embodiment, the coarse mechanism in the
direction of X is substantially not required. Therefore,
scanning the entire surface of a sample is enabled by rotation
as coarse operation and driving by an actuator mechanism
for the probe of the surface observing apparatus $20 in the
directions of X and Y. Observing irregularities on the same
track 540 or the detection of the information of irregularities
may be performed with driving of the surface observing
apparatus 520 in the direction of X locked.

Assuming the sample 510 as a data disk in which the
information of irregularities is held, the embodiment shown
in FIG. 18 may be called a reader for reading information
from a record medium. As well known, as irregularities can
be formed on the surface of the sample S10 by so-called
evaporation in an electric ficld when predetermined voltage
is applied between the conductive probe of a probe micro-
scope and the sample 5§10, the embodiment shown in FIG. 18
may be called a record and reproduction device as other
surface observing apparatuses. Though it is natural, the
speed of parallel processing can be further enhanced by
providing further a large number of surface observing appa-
ratuses S20 in the rotating direction.

FIG. 19 is a schematic drawing showing an embodiment
in which the surface observing apparatus is used as a record
or reproduction device. In this embodiment, a probe driving
mechanism 610 mainly consisting of the surface observing
apparatus shown in FIG. 1S is encircled by peripheral
structure 620 as shown in FIG. 19 and provided with a
recorder 630 in a position opposite to a probe 640 of the
probe driving mechanism 610. The peripheral structure 620
may be also used as the coupling 360 shown in FIG. 16. The
probe driving mechanism 518 is provided with an actoator
mechanism for driving the probe in the directions of X, Y
and Z as in FIG. 18. Therefore, information can be recorded
in the recorder 630 or information can be read from the

65 recorder 630, controlling the probe 6440.

In this case, if an individual surface observing apparatus
is used as a recorder or a reader, a plurality of surface
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observing apparatuses may be also arranged two-
dimensionally as shown in FIG. 16. In this case, each of a
plurality of surface observing apparatuses arranged one-
dimensionally may be let to correspond to one unit of data
and plural groups of surface observing apparatuses may be
also let to correspond to one unit of data.

Also 1n this embodiment, approximately one third of 100
pm can be scanned in the direction of X and approximately
one second of 10 pm can be scanned in the direction of Y.
Therefore, assuming that one irregularity exists per 10 nm
on the surface of a sample, the information of 1.6x10Q°
irregularities can be obtained by one surface observing
apparatus in this embodiment. As an individual surface
observing apparatus itself functions as an independent
recorder or reader in this embodiment, the coarse adjustment
410 shown in FIG. 17 is not required.

FIG. 20 is a schematic drawing showing an embodiment
of a surface observing apparatus which can be operated
manually. Also in this embodiment, a probe driving mecha-
nism 710 mainly consisting of the surface observing appa-
ratus shown in FIG. 15 is encircled by peripheral structure
720 which has an opening at the end as shown in FIG. 20 and
constituted so that the probe 740 of the probe driving
mechanism 710 is opposite to a sample 730 at its opening.
The information of imregularities on the surface of the
sample can be obtained by touching the surface observing

apparatus to the surface of the sample with the distance
between the probe 748 suitably moved in the direction of Z

by an actuator mechanism and the sample 730 kept suitably.
For example, irregularities can be observed with the surface
observing apparatus put on the sample and with the sarface
observing apparatus directed upward for the sample.

In this embodiment, it is inconvenient to operate only one
fabricated surface observing apparatus manually because it
is small, however, the apparatus itself can be considerably
reinforced by integrating a large number of surface observ-
ing apparatuses as shown in FIG. 16 to constitute a surface
observing apparatus with an appropriate size, the operation
for pressing on a sample manually can be simplified and the
range of applications of this type of observing apparatus can
be widened.

The probe 740 is provided with an actmator mechanism in
the directions of X, Y and Z as in the embodiment shown in
FIG. 158, approximately one third of 100 pm can be scanned
in the direction of X and approximately one second of 10 ym
can be scanned in the direction of Y. Therefore, assuming
that one irregularity exists per 10 nm on the surface of a
sample, the information of 1.6x10° irregularities can be
obtained by one surface observing apparatus in this embodi-
ment. As the surface observing apparatus is operated manu-
ally in this embodiment, the coarse adjustment 410 shown in
FIG. 17 is not required.

FIG. 21 is a schematic drawing showing another example
of the array of each element in the constiation of flatly
integrated surface observing apparatuses. FIG. 21 is a plan
showing surface observing apparatuses integrated on one
substrate, a reference number 820 denotes an individual
surface observing apparatus, 83 denotes an integration
control unit for an individual surface observing apparatus
and 810 denotes an I/O control unit for the entire integrated
surface observing apparatuses. Also in this embodiment,
each of all the surface observing apparatuses 820 on one
substrate is controlled by the surface observing apparatus
integration control unit 830 as described referring to FIG. 16
and synthetically, controlled by the I/O control unit 810. The
I/0 control unit 810 can be also provided with a buffer
function that it transmits an I/Q instruction from an external
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device to the surface observing apparatus integration control
unit 830, temporarily stores the information of irregularities
on the surface of a sample observed by an individual surface

observing apparatus 820 and outputs the information to an
external device.

The surface observing apparatus equivalent to this
embodiment is different from the constitution shown in FIG.
16 and surface observing apparatuses 820 are arranged on
one substrate in parallel two-dimensionally. Therefore, a
probe is required to be formed with it directed upward in the
space of FIG. 21 and bent in the position of the probe of each
observing apparatus 820. That is, according to this
embodiment, a surface observing apparatus wherein surface
observing apparatuses are arranged on one substrate
two-dimensionally can be realized. However, in the
meantime, as the area which can cover by the motion of an
actnator mechanism in the directions of X and Y in the space
of FIG. 21 of each apparatus is relatively smaller than the
area occupied by each apparatus, compared with the area in
the embodiment shown in FIG. 16, the range covered by a
coarse adjustment (though it is not shown, it is provided on
the rear face in the drawing as in FIG. 17) is required to be
increased.

FIGS. 22 and 23 show embodiments in which the con-
stitution of a surface observing apparatus is applied to an
electron beam source. These embodiments can be developed
to one of means for executing, for example electron beam
lithography by controlling a large number of apparatuses
arranged two-dimensionally by an external device as in the
embodiment shown in FIG. 16. Both are substantially pro-
vided with the same constitution, however, the embodiment
shown in FIG. 22 premises the constitution of a surface
observing apparatus and an electrode for a focusing lens are
separate, while the embodiment shown in FIG. 23 is differ-
ent from the embodiment shown in FIG. 22 in that the
constitution of a surface observing apparatus and an elec-
trode for a focusing lens are integrated.

A surface observing apparatus 910 in FIGS. 22(a) and
23{a) is provided with the same constitution as in FIG. 185.
A field emission electron emitied from the probe 940 of the
apparatus 910 or a tunneling electron can be used as an
electron beam source as it is and an emitted electron is
focused on the surface of a sample 930 by an electrode 950
for a focusing lens. FIGS. 22(b) and 23(b) arc sectional
views respectively showing the electrode 950 for a focusing
lens viewed along a position A-B in which the electrode 950
for a focusing lens is arranged in the direction shown by an
arrow. As in FIG. 22(b) the electrode 950 for a focusing lens
is provided at the end of a coupling 920, the electrode 950
can be provided in a position in which the ends of the
couplings 920 encircle the probe. As in FIG. 2Xb) the
electrode 950 for a focusing lens is provided at the end of a
Z-direction driving shaft 960, the clectrode 950 can be
provided in a position in which the ends of the Z-direction
driving shafts 960 encircle the probe 940. Though the ends
of the couplings 920 encircle the probe as if they wrapped
it from outside, the electrode 950 is not influenced by it. The
coupling 920 in these two embodiments is equivalent to the
coupling 360 in the embodiment shown in FIG. 16.

To cover the entire surface of a sample, a coarse adjust-
ment is naturally required also in this embodiment. FIGS.
22(a) and 23(a) are sectional views viewed from a position
C-D in the direction shown by an arrow in FIGS. 22(b) and
23(b).

FIGS. 24 and 25 show other embodiments in which the
constitution of a surface observing apparatus is applied to an
electron beam source and are also the same as FIGS. 22 and
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23 in that these embodiments can be developed to one of
means for executing, for example electron beam lithography
by controlling a large number of apparatuses arranged
two-dimensionally by an external device. However, these
embodiments are different from the embodiments shown in
FIGS. 22 and 23 in that in this embodiment, surface observ-

ing apparatuses are arranged on one substrate two-
dimensionally as in the embodiment shown in FIG. 21
Therefore, a probe for emitting an electron is required to be
directed upward in the space of the drawing.
In the embodiments shown in FIGS. 24 and 23, a probe
940 for emitting an electron is formed on supporting struc-
ture 970 equivalent to the probe supporting structure 280 (or
the movable electrode 2500) in the surface observing appa-
ratus shown in FIG. 15 as shown in FIGS. 24(a) and 25{(a).
An electrode 950 for a focusing lens is formed in a left
portion in the center of the supporting structure 976 as if
electrodes for a focusing lens wrapped the probe 940 as
shown in FIGS. 24(b) and 25(b) which respectively show the
section viewed along a position A-B in the direction shown
by an amrow in FIGS. 24(a) and 25(a).
Also in the embodiment shown in FIG. 24, the clectrode
950 for a focusing lens is formed on a coupling 920
equivalent to the coupling 360 in FIG. 16, while the embodi-
ment shown in FIG. 25 is different from the embodiment
shown in FIG. 24 in that in the embodiment shown in FIG.
25, the probe 940 is formed in the supporting structure 970
equivalent to the probe supporting structure 288 (or the
movable electrode 2500) of the surface observing apparatus
shown in FIG. 15.
In these two embodiments, to cover the entire surface of
a sample as in the embodiment shown in FIG. 21, a coarse
adjustment which can cover a wider area than in the embodi-
ments shown in FIGS. 22 and 23 is required. FIGS. 24(a)
and 25(a) are plans of FIGS. 24(b) and 25(b).
According to the present invention, a microminiaturized
efficient electromechanical transducer by an integrated elec-
trostatic actuator can be realized. Further, a microminiatur-
ized integrated micro-fabricated device can be realized and
can be developed to a scanning probe microscope and an
information recording device using the scanning probe
microscope or an electron beam exposure device.
We claim:
1. An electromechanical transducer comprising an actua-
tor a plurality of which are arranged and the relative amount
of movement of which is controlled by controlling electro-
static force operating between its opposite fixed portion and
movable portion;
wherein the electrode of said fixed portion or said mov-
able portion is constituted by a dielectric; and

wherein the electrode of said movable portion or said
fixed portion consists of a pair of positive and negative
electrodes formed so that said dielectric electrode is
substantially put between them.

2. An electromechanical transducer provided with a plu-
rality of electrostatic actuators formed on one substrate;

wherein said two actuators are cascade-connected so that

the fixed electrode of one actuator is linked to the
movable electrode of the other actuator; and

wherein one of said two actuators can drive said movable

electrode in the directions of perpendicular two axes.

3. An electromechanical transducer according to claim 2,

wherein a plurality of substrates on each of which a plurality
of electrostatic actuators are formed are laminated.

4. An integrated micro-fabricated device, comprising:

a plurality of integrated electrostatic actuators formed on
on¢ substrate;
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wherein said two actuators are cascade-connected so that
the fixed electrode of one actuator is linked to the
movable electrode of the other actuator;

wherein one of said two actuators can drive said movable
electrode in the directions of perpendicular two axes;

and

wherein the probe of a probe microscope is formed at the
free end of said movable electrode of said actuator
provided with a free movable electrode.

5. An integrated micro-fabricated device according to
claim 4, wherein a plurality of substrates on each of which
an integrated micro-fabricated device provided with a plu-
rality of integrated electrostatic actuators formed on one
substrate by semiconductor micro-fabrication technology is
formed are laminated.

6. An integrated micro-fabricated device according to
claim 5, wherein a coarse adjustment which can be moved
wider for said plural laminated substrates than the movable
range of the movable electrode of said integrated electro-
static actuator is added.

7. An integrated micro-fabricated device according to
claim 4, wherein a precise movable which can be moved
wider on the surface of a sample arranged opposite to said
probe than the movable range of the movable electrode of
said integrated electrostatic actuator is added.

8. An integrated micro-fabricated device provided with a
plurality of electrostatic actuators formed on one substrate
by semiconductor micro-fabrication technology:

wherein each of said actuators consists of two actuators;

wherein said two actuators are cascade-connected so that
the fixed electrode of one actuator is formed on the

movable electrode of the other actuator;

wherein one of said two actuators can drive the movable
electrode in the directions of perpendicular two axes;
wherein the probe of a probe microscope is formed at the
free end of the movable electrode of one of said
cascade-connected two actuators; and
wherein said probe is protruded in the direction perpen-
dicular to the surface of said substrate.
9. An integrated micro-fabricated device provided with a
plurality of electrostatic actuators formed on one substrate
by semiconductor micro-fabrication technology;

wherein each of said actuators consists of two actuators;

wherein said two actuators are cascade-connected so that
the fixed electrode of one actuator is formed on the
movable electrode of the other actuator;

wherein one of said two actuators can drive the movable
electrode in the directions of perpendicular two axes;

wherein the probe of a probe microscope is formed at the
free end of the movable electrode of one of said
cascaded-connected two actuators; and

wherein an information recorder opposite to said probe

which holds the proper positional relationship between
it and the base of said actuator is provided.

10. An integrated micro-fabricated device according to
claim 9, wherein a plurality of substrates on each of which
a plurality of electrostatic actuators are formed are lami-
nated.

11. An integrated micro-fabricated device according to
claim 9, wherein the relative positional relationship between
said information recorder and the base of said actuator can
be changed without substantially changing the distance
between them.

12. An integrated micro-fabricated device according to
claim 10, wherein the relative positional relationship
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between said information recorder and the base of said
actuator can be changed without substantially changing the
distance between them.

13. An integrated micro-fabricated device according to
claim 9, wherein said probe is protruded in the direction
perpendicular to the surface of said substrate.

14. An integrated micro-fabricated device provided with
a plurality of electrostatic actuators formed on one substrate
by semiconductor micro-fabrication technology;

wherein each of said actuator consists of two actaators:

wherein said two actnators are cascade-connected so that

the fixed electrode of one actuator is formed on the
movable electrode of the other actuator;

wherein one of said two actuators can drive the movable
electrode 1n the directions of perpendicular two axes;

wherein the probe of a probe microscope is formed at the
free end of the movable electrode of one of said
cascade-connected two actuators; and

wherein an electrode for generating an electric field

operating on an electron emitted from said probe is
arranged in a position opposite to said probe and with
the proper positional relationship with the base of said
actuator.

15. An integrated micro-fabricated device according to
claam 14, wherein said electrode is moved integrally with
said probe.

16. An integrated micro-fabricated device according to
claim 15, wherein said probe is protruded in the direction
perpendicular to the surface of said substrate.

17. An integrated micro-fabricated device according to
claim 14, wherein said probe is protruded in the direction
perpendicular to the surface of said substrate.

18. An electromechanical transducer comprising:

a substrate:
a first electrostatic actuator formed on the substrate; and
a second electrostatic actuator formed on the substrate;

wherein the first electrostatic actuator includes
a pair of a plurality of first comb electrodes which are
fabricated and fixed on the substrate,
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a pair of movable second comb electrodes combined to 4

a first stem at the edge thereof, each free part of
which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of

the first comb electrodes and one edge of the first 45

stem, and
a second spring part connected between the base part of
the first comb electrodes and the other edge of the
first stem:
wherein the electromechanical transducer further com-
prises a connecting stem, one edge of which is com-
bined to the first stem and the other free edge of which
extends outside an area of the first comb electrodes;

wherein the second electrostatic actuator includes

a pair of a plurality of third comb electrodes which are
supported by the free edge of the connecting stem at
the one edge thereof,

a pair of fourth comb electrodes combined to a second
stem at the edge thereof, each free part of which is
inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

33

a fourth spring part connected between the base part of 65

the third comb electrodes and the other edge of the
second stem;

20

wherein the electromechanical transducer further com-
prises:
a probe part, one edge of which is connected to the
second stem; and
electric leads for providing a suitable electric potential
to the electrodes; and

wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate.

19. An elecromechanical transducer according to claim
18, wherein the other free edge of the probe part connected
to the second stem extends outside an area of the third comb
electrodes.

20. An clectromechanical transducer according to claim
19, wherein a peripheral structure encircles the electrome-
chanical transducer; and

wherein a portion of the peripheral structure opposing the
probe part can be used as a recording medium by
cooperation with the probe part.

21. An electromechanical transducer according to claim
19, wherein a peripheral structure encircles the electrome-
chanical transducer; and

wherein a portion of the peripheral structure opposing the

probe part has an opening through which the probe part
extends to a position substantially even with an outer
surface of the peripheral structure so that the electro-
mechanical transduocer can be attached manually to a
surface of a sample to be observed by the probe part.

22. An electromechanical transducer according to claim
19, wherein a peripheral structure encircles the electrome-
chanical transducer;

wherein a portion of the peripheral structure opposing the

probe part has an opening through which the probe part
does not extend; and

wherein electrodes are provided on the peripheral struc-

tare around the opening for extracting and focusing
clectrons from the probe part so that the electrome-
chanical transducer can be used as an electron source.

23. An clectromechanical transducer according to claim
19, wherein the free edge of the probe part vertically extends
outside an area of the surface of the third comb electrodes;

wherein a peripheral structure encircles the electrome-

chanical transducer;

wherein a portion of the peripheral structure opposing the

probe part has an opening through which the probe part
does not extend; and

wherein electrodes are provided on the peripheral struc-

ture around the opening for extracting and focusing

electrons from the probe part so that the electrome-
chanical transducer can be used as an electron source.
24. An electromechanical transducer assembly compris-
ing:

a substrate; and

a plurality of electromechanical transducers formed in

paraliel on the substrate;

wherein each of the electromechanical transducers
includes
a first electrostatic actuator formed on the substrate,
and
a second electrostatic actuator formed on the substrate;

wherein the first electrostatic actuator includes
a pair of a plurality of first comb electrodes which are
fabricated and fixed on the substrate,
a pair of movable second comb electrodes combined to
a first stem at the edge thereof, each free part of
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which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of
the first comb electrodes and one edge of the first

stem, and 5
a second spring part connected between the base part of

the first comb electrodes and the other edge of the

first stem;
wherein each of the electromechanical transducers further
includes a connecting stem, one edge of which is

combined to the first stem and the other free edge of
which extends outside an area of the first comb elec-

trodes;
wherein the second electrostatic actuator includes
a pair of a plurality of third comb electrodes which are

supported by the free edge of the connecting stem at
the one edge thereof,

a pair of fourth comb electrodes combined to a second
stem at the edge thereof, cach free part of which is

inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

a fourth spring part connected between the base part of
the third comb electrodes and the other edge of the
second stem;

wherein each of the electromechanical transducers further
includes

a probe part, one edge of which is connected to the
second stem, and

electric leads for providing a suitable electric potential
to the electrodes; and

wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate.

25. An elecromechanical transducer assembly according
to claim 24, wherein the other free edge of the probe part
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connected to the second stem extends outside an area of the
third comb electrodes.

26. An electromechanical transducer assembly apparatus

comprising a plurality of electromechanical transducer

assemblies according to claim 24;

wherein the other free edge of the probe part connected to
the second stem extends outside an area of the third
comb electrodes.

27. An electromechanical transducer assembly apparatus
according to claim 26, wherein the substrates of the plurality

45

of electromechanical transducer assemblies are shifted rela-
tive to each other in a direction of an axis of movement of

the probe part by a portion of the width of the substrate %

substantially equal to a range of movement of the probe part

in the direction of the axis.

28. A electromechanical transducer assembly comprising:

a substrate; and

a plurality of electromechanical transducers formed on the
substrate;

wherein each of the electromechanical transducers
includes

a first electrostatic actuator formed on the substrate,
and

a second electrostatic actuator formed on the substrate;
wherein the first electrostatic actuator includes
a pair of a plurality of first comb electrodes which are
fabricated and fixed on the substrate,
a pair of movable second comb electrodes combined to
a first stem at the edge thereof, each free part of
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which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of
the first comb electrodes and one edge of the first
stem, and

a second spring part connected between the base part of
the first comb electrodes and the other edge of the

first stem;

wherein each of the electromechanical transducers further
includes a connecting stem, one edge of which is
combined to the first stem and the other free edge of
which extends outside an the area of the first comb

electrodes;

wherein the second electrostatic actuator includes

a pair of a plurality of third comb electrodes which are
supported by the free edge of the connecting stemn at
the one edge thereof,

a pair of fourth comb electrodes combined to a second
stem at the edge thereof, each free part of which is
inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

a fourth spring part connected between the base part of

the third comb electrodes and the other edge of the
second stem;

wherein each of the electromechanical transducers further
includes
a probe part, one edge of which is connected to the
second stem and the other free edge of which extends
outside an area of the third comb electrodes, and
electric leads for providing a suitable electric potential
to the electrodes:
wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate; and

wherein the electromechanical transducer assembly fur-
ther comprises a coarse adjustment on which the elec-
tromechanical transducers are placed so that positions
of the probes of the electromechanical transducers can
be coarsely controlled along one of the axes.

29. An electromechanical transducer assembly apparatus

comprising:
a substrate; and

a plurality of electromechanical transducer assemblics
formed in parallel on the substrate;

wherein each of the electromechanical transducer assem-
blies includes a plurality of clectromechanical trans-
ducers formed in parallel on the substrate;

wherein each of the electromechanical transducers
includes
a first electrostatic actuator formed on the substrate,
and
a second electrostatic actuator formed on the substrate;

wherein the first electrostatic actuator includes

a pair of a plurality of first comb electrodes which are
fabricated and fixed on the substrate,

a pair of movable second comb electrodes combined to
a first stem at the edge thercof, each free part of
which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of
the first comb electrodes and one edge of the first
stem, and
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a second spring part connected between the base part of
the first comb electrodes and the other edge of the

first stem;
wherein each of the electromechanical transducers further
includes a connecting stem, one edge of which is
combined to the first stem and the other free edge of
which extends outside an area of the first comb elec-
trodes;
wherein the second electrostatic actuator includes

a pair of a plurality of third comb electrodes which are
supported by the free edge of the connecting stem at
the on¢ edge thereof,

a pair of fourth comb electrodes combined to a second
stemn at the edge thereof, cach free part of which is
inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

a fourth spring part connected between the base part of
the third comb electrodes and the other edge of the
second stem;

wherein each of the electromechanical transducers further
includes
a probe part, one edge of which is connected to the
second stem and the other free edge of which verti-
cally extends outside an area of the surface of the
third comb electrodes, and
electric leads for providing a suitable electric potential
to the electrodes;
wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate;

wherein each of the electromechanical transducer assem-
blies further includes an integration control units pro-
vided on the substrate; and

wherein the electromechanical transducer assembly appa-
ratus further comprises an I/O control unit provided on
the substrate for controlling the integration control
units of the electromechanical transducer assemblies.

30. An electromechanical transducer comprising:

a substrate;

a first electrostatic actuator formed on the substrate; and

a second electrostatic actuator formed on the substrate;

wherein the first electrostatic actuator includes

a pair of a plurality of first comb electrodes which are
fabricated and fixed on the substrate,

a pair of movable second comb electrodes combined to
a first stem at the edge thereof, each free part of
which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of
the first comb electrodes and one edge of the first
stem, and

a second spring part connected between the base part of
the first comb electrodes and the other edge of the
first stem;

wherein the electromechanical transducer assembly fur-
ther comprises a connecting stem, one edge of which is
combined to the first stem and the other free edge of
which extends outside an arca of the first comb elec-
trodes;

wherein the second electrostatic actuator includes

a pair of a plurality of third comb electrodes which are
supported by the free edge of the connecting stem at
the one edge thereof,

5

10

15

35

45

35

h

24

a pair of fourth comb electrodes combined to a second
stem at the edge thereof, each free part of which is
inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

a fourth spring part connected between the base part of
the third comb electrodes and the other edge of the
second stem;

wherein the electromechanical transducer further com-
prises:

a probe part, one edge of which is connected to the
second stem and the other free edge of which verti-
cally extends outside an area of the surface of the
third comb electrodes; and

electric leads for providing a suitable electric potential
to the electrodes; and

wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate.

31. An electromechanical transducer comprising:

a substrate;
a first electrostatic actuator formed on the substrate: and
a second electrostatic actuator formed on the substrate:

wherein the first electrostatic actuator includes

a pair of a phurality of first comb electrodes which are
fabricated and fixed on the substrate,

a pair of movable second comb electrodes combined to
a first stem at the edge thercof, each free part of
which is inserted between each comb electrode of the
first comb electrodes,

a first spring part connected between the base part of
the first comb electrodes and one edge of the first
stem, and

a second spring part connected between the base part of
the first comb electrodes and the other edge of the
first stem;

wherein the electromechanical transducer further com-
prises a connecting stem, one edge of which is com-
bined to the first stem and the other free edge of which
extends outside an the area of the first comb electrodes:

wherein the second electrostatic actuator includes
- a pair of a plurality of third comb electrodes which are
supported by the free edge of the connecting stem at
the one edge thereof,

a pair of fourth comb electrodes combined to a second
stem at the edge thereof, each free part of which is
inserted between each comb electrode of the third
comb electrodes,

a third spring part connected between the base part of
the third comb electrodes and one edge of the second
stem, and

a fourth spring part connected between the base part of
the third comb electrodes and the other edge of the
second stem;

wherein the electromechanical transducer further com-
prises:

a probe part, one edge of which is connected to the
second stem and the other free edge of which extends
outside an area of the third comb electrodes: and

clectric leads for providing a suitable electric potential
to the electrodes:

wherein the first stem and the second stem are drivable in
directions of two different axes relative to each other on
the substrate:
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wherein a portion of the base part of the third comb electromechanical transducer can be used as an electron
electrodes opposing the probe part has an opening SOUrce. _ _ _
through which the probe part does not extend; and 32. An electromechanical transducer according to claim

31, wherein the free edge of the probe part vertically extends

wherein electrodes are provided on the base part of the 5 outside an area of the surface of the third comb electrodes.
third comb electrodes around the opening for extracting

and focusing electrons from the probe part so that the ¥ * ¥k k
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